he rate of cesarean delivery has seen a recent surge in our country and worldwide, leading to an increase in the maternal and neonatal morbidity and mortality rates. 1, 2 No methods to identify prolonged delivery, predict delivery complications, and foresee the need for the cesarean section have so far been found. Such a method would help in decreasing maternal and neonatal mortality and morbidity.
The cesarean section could be attributed to the inconsistency between fetal biometry and maternal pelvic structure and insufficient size of maternal pelvis. With high sensitivity and specificity, fetal pelvis index (FPI) described in various studies can predict the ratio of the inconsistency between a fetus and maternal pelvis, but currently, its use is limited. 8 This method utilizes biometric measurements of the fetus identified by ultrasound in term and the pelvimetry by X-ray. The purpose of the current study was to identify, using 3D pelvis tomography, the relation between the type of delivery and pelvic measurements in mothers who had cesarean delivery and vaginal delivery.
MATERIAL AND METHODS
The volunteer participants were selected from 870 women who applied to the Hitit University Faculty of Medicine, Erol Olçok Training and Research Hospital between January and August 2018. These women had undergone 3D pelvis tomography due to various medical indications. Computed tomography was performed using a device that enabled 128 slices and remote access (GE Healthcare, Milwaukee, United States). Patients' tomographic images were obtained from the hospital's automation system. The first group of patients consisted of mothers who had a vaginal delivery (n=89) and the second group was formed with mothers who had a cesarean section after labor began (n=19). The exclusion criteria for cesarean section included having no deliveries before, having the first cesarean section before labor started, having cesarean due to fetal distress and malpresentation of diagnosis, having the maternal neck of less than 1.5 cm, having body mass index (BMI) of over 30, and diagnosed with osteoporosis. The exclusion criteria for vaginal delivery included receiving labor induction, not accessing the start and finish partographs of the labor, receiving medications during labor that affected muscle and skeleton systems, and having epidural delivery. When the exclusion and inclusion criteria were applied, 108 patients were included in the study. Before the study was conducted, approval was received from the Ethics Committee of the Hitit University Faculty of Medicine in line with the Declarations of Helsinki. The informed consent form was obtained from the participants who were involved in the study.
The participants' demographic features, nationalities, number of deliveries, delivery types, pregnancy loss, chronic diseases, and medications they had undertaken were recorded in the questionnaire forms through face to face anamnesis. Help from translators was sought while taking anamnesis from foreign patients.
Images obtained from the hospital automation system were restructured into 5-mm slice thick images. Pelvimetry was performed retrospectively on a 3D workstation (3D Slicer, Version 4.8.1, 2017) by a researcher (I.S.) who was blind to the clinical data using multiplanar images or images processed with volume appropriately. Kappa coefficient, which evaluates the differences between the observer's measurements, was found to be between 0.74 and 0.86.
While the measurements were performed, they were divided into four different image slices that included pelvic inlet plane, pelvic outlet plane, mid-pelvic plane, and the greatest plane of pelvic diameter. 9 There are anterior-posterior, two oblique, and one transverse diameter for the pelvic inlet. The present study measured the diameter called "true conjugate" that extends from the top sacral promontory to the superior border of the pubic symphysis (CA). We also measured the diameter from the top symphysis pubis in a pelvic direction to the top promontory (CO). The last measurement was performed between the lower border of symphysis pubis and promontory, which can also be detected by physical examination (CD).
The measurements of pelvis inlet were followed by mid-pelvis measurements. The measurement was performed in the diameter between ISD, the narrowest point of mid-pelvis. An elliptical shape, formed by the interspinal diameter, that extended into the sacrum (approximately S3 vertebra) and was tangent to the top symphysis pubis in the direction of the pelvis, was obtained (area X). The area of the shape was measured and recorded ( Figure 1 ). The statistical analysis of the data obtained in this study was performed using SPSS (version 22.0, SPSS Inc., Chicago, IL, United States). Descriptive statistics were presented using mean ±standard deviation and median (min-max) for continuous variables and numbers and percentages for categorical variables. Normality distribution was performed using Shapiro-Wilk, and Kolmogorov-Smirnov tests. As the mean comparisons of the parameters obtained from the Turkish and foreign participants did not meet the parametric test assumptions, non-parametric Mann-Whitney U test was applied. A p-value of <0.05 was considered statistically significant.
RESULTS
Of the volunteers who participated in the present study, 83 (76.9%) were Turkish and 25 (23.1%) were foreign immigrants. There were no significant differences between the average age of the Turkish and foreign participants (p=0.531). The average age of the Turkish participants was 27.23±4.525 years and that of the foreigners was 27.88±4.604 years.
An analysis of the type of delivery according to the participants' nationality indicated similar birth rate distributions (p=1.000). Of all the Turkish participants, 81.8% had a vaginal delivery and 18.1% had undergone a cesarean section. Among the foreigners, 84% had a vaginal delivery and 16% had a cesarean section (Table 1) .
No statistically significant differences were found in the CD, CO, CA, and area × values between the Turkish and foreign participants (p = 0.858, 0.867, 0.451, and 0.374, respectively). However, the ISD values demonstrated statistically significant differences (p=0.006). The median of Turkish participants' ISD measurements was found to be higher (Table 2, Figure 2 ). No significant differences were observed between the participants who had a vaginal delivery and cesarean section in terms of CD, CO, CA, ISD, and area × values (p = 0.093, 0.984, 0.124, 0.243, and 0.796, respectively; Table 3 ).
DISCUSSION
The present study performed pelvimetry on women volunteers to study the relationship between maternal pelvic structural and type of delivery. It was observed that the type of delivery was independent of CA, CD, CA, and ISD. Further, the area we identified had no effects on the type of delivery. On analyzing the effect of nationality on anatomic differences, Turkish citizens were found to have a greater interspinous distance. Patients' nationality was found to have no effects on any other anatomic measurements.
When compared to vaginal delivery, cesarean section suffers from various acute and chronic risks. Unplanned cesarean delivery increases patients' morbidity and mortality, and its long-term results are related to subfertility. 10, 11 A study that compared elective cesarean delivery and cesarean delivery that was performed after labor began found emergency cesareans to have higher risks. 12 The present retrospective study selected participants who had emergency cesarean after active labor had started. This way, we tried to predict pelvimetry due to dystocia that develops during vaginal delivery. Pelvimetric measurements, which have been used for years but have seen a gradual decrease in their use by modern obstetrics, are considered insufficient in predicting the type of delivery without fetal biometric measurements.
Pelvimetry, used in this study, could be compared with studies that investigated interspinous and intertuberous distances, evaluated pelvic outlet in the sagittal plane and performed coccygeal curve analysis. 13, 14 The present study differs from other studies in terms of "AREA" used that represents the transition from mid-pelvis to the pelvic outlet. However, this area was found to be similar between mothers who had a normal delivery and who had a cesarean section. Previous literature showed variations in dimensions and aspects of fetal pelvis; the aspect, length, and area should not be expected to be the determinants. 15 Previous studies investigated pelvic measurements of women from different races and, parallel to the present study, these studies found that intrapelvic areas do not indicate any differences that would change the type of delivery. 16 A study involving 426 patients, who had undergone pelvic measurements, showed that the distance formed by the 9-cm diameter that extended into symphysis pubis from S3 vertebra enabled vaginal delivery. The same study reported that the midsagittal mid-pelvis area had no effects on predicting delivery. 17 Pelvimetric assessment can be used to predict the type of delivery. It can also be used to detect the damage to the pelvic tissue after vaginal delivery. It is possible to detect damage to the levator ani muscle by magnetic resonance (MR) pelvimetry. 18 Moreover, MR pelvimetry has been shown to be beneficial in suspected fetopelvic disproportion or breech presentation at term. 19, 20 One of the limitations of this study is that the measurements were performed after the birth. This prevented from detecting pelvic changes due to the relaxing hormone secreted during pregnancy and identifying the effect of the pelvis on delivery. Another limitation of the present study is that no biometric measurements of the fetuses could be performed. The assessment included only pelvis aspects of fetus and pelvis consistency required for delivery.
CONCLUSION
The present study found no direct relationship between the pelvic measurements and the type of delivery. Also, there was no significant difference in pelvic measurements according to the patient's nationality. 
